The contents of this report are not to be used for advertising or promotional purposes. Citation of brand names does not constitute an official endorsement or approval of the use of such commercial products. fireball at the firing of a 15-lb charge is shown in Figure 7 . The experimental measurements made on the test holes are shown in Figure 8 .
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The snow was removed from the test site after each snowfall to allow the frost to penetrate to a greater depth than would be the case with an insulating surface layer of snow. The shaped charges were primed with one electrical detonating cap and were fired from a distance of about 1000 ft. 
DATA ANALYSIS AND DISCUSSION
The test data are presented in Table 1 . Data for the first test series (when the soil was unfrozen) show that the borehole cross section dimensions and total depths were sufficient at all standoff distances tested for both charge weights except for one 15-lb charge at a 30-in.
standoff distance. In that case, the minimum borehole dimension was 6
in. instead of the required 7 in. However, the average of two shots was 7
in. Also, it was obvious that the hole could easily have been reamed to the required size with a hand-operated post-hole digger or auger.
All of the holes were deeper than the optimum cratering charge depth.
The center of the 2-ft-long cratering charge canister for a fully stemmed (backfilled) hole should be about 6 ft deep to produce the largest crater cross section and about 5 ft deep to produce the maximum crater depth.
However, since there is no soil debris as a result of the firing of the shaped charge, the cratering charge will probably be fired without any stemming. Without stemming, the borehole should be about 2 ft deeper than for the stemmed condition; therefore, the best standoff distance for the unfrozen soil condition was 2.5 ft, which produced a hole only about 1-2 ft deeper than the optimum.
The data indicate that there is no benefit to be gained by increasing the standoff distance above 2.5 ft for the 15-lb charge when firing into unfrozen silt. The cross sections and depths of the hole produced in the unfrozen silt by the 40-lb shaped charges were greater than required at all standoff distances. At a standoff distance of 3.5 ft, the cross section of the hole was only about one-half of that obtained at standoff distances of 4.0 and 4.5 ft. However, the results of the second test series, with a 2-ft-thick frozen surface layer, indicate that this could have been due to * some abnormality in the first test.
The second test was conducted in December 1979, when the silt was frozen to a depth of about 2 ft. The 15-lb charges did not produce any boreholes of sufficient cross section at any of the standoff distances tested. All total hole depths, however, were greater than the optimum of about 3.4 ft (the 3.0-ft standoff being the best). The 40-lb charges fired at all standoff distances in this series produced boreholes with both cross sections and depths that were greater than necessary. However, some soil clods had to be cleared with a post-hole digger to allow measurements to be made or a cratering charge to be placed. 4.5 2.6 x 2.8 0.7 x 1.2 0.9 9.9** Muod clods had to be removed from the surface crater to make the measurements.
+The hole would have to be cleaned with a post-hole digger; it was apparent that it was blasted deeper.
The shot was fired in the same location as the previous shot.
++Before this shot, a 15-lb shaped charge was detonated in the vicinity of the previous hole. This extra shot created a crater around the previous hole. The measurements on this line were taken from the bottom of the crater of the extra shot.
The hole das filled with dl3turbed mud clods and by-products of the detonation. It was apparent that the hole had been blasted deeper and would have been easy to clean out with a post-hole digger.
The frozen surface layer was about 3 ft 8 in. thick in February 1980, when the third test series was conducted. During this series I decided to try to increase the cross section size of the borehole by firing a second shaped charge in the same location as the first. The data indicate that the maximum cross section measurement of the hole was increased by about one-third by double firing with either charge weight. However, the minimum cross section measurements for the 15-lb charges were still not large enough to allow placement of the 7-in.-diameter crater charge. The cross section dimensions of the holes from the 40-lb charges were more than adequate, even before the double firing. There were some rather large increases in total hole depths (e.g. at standoff distances of 2.0, 2.5, and 3.0 ft with the 15-lb charge) with the double firing. However, there was little need to increase the depth of the holes as produced by a single firing, except where the holes were clogged with frozen soil clods.
CONCLUSIONS
The 15-lb shaped charge fired at standpoint distances of 2.0, 2.5, 3.0 and 3.5 ft over unfrozen silt with a moisture content between 15 and 35% produces a borehole of sufficient size to accomodate the 40-lb cratering charge. The cross section size for a standoff of 2.5 ft agrees with Table   3 -5 of FM 5-25, but the depth is 1 ft greater. The optimum standoff distance is 2.5 ft. There is no need to use the 40-lb shaped charge to blast a borehole for the 40-lb cratering charge in the unfrozen silt; in fact, it would be a waste of munitions and an extra burden for the combat troops.
The cross section size for the 40-lb charge at a standoff distance of 4.0 ft agrees with that in FM 5-25, but the depth is 2 ft greater.
When the seasonal frost layer in silt is only 2 ft thick, the 15-lb shaped charge does not produce a borehole with a large enough cross section to accomodate the 40-lb cratering charge, but the 40-lb shaped charge is more than adequate. Firing two 15-lb shaped charges at the same location with a frozen surface layer of silt about 3 ft 8 in. thick increases the cross section dimensions of the borehole by about one-third. However, the holes are still not adequate. Double firing has a greater effect on the total depth than on the cross section (nearly doubling the depth); however, the depths with single firings are nearly always adequate. Table 3 
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The 40-lb shaped charge fired with a 3.5-ft standoff distance on unfrozen silt or on silt frozen to a depth of about 3 ft 8 in. produce a borehole larger than is required to accommodate the 40-lb cratering charge.
RECOMMENDATIONS
Tests similar to these should be conducted in granular soils. Tests should also be conducted on unfrozen and frozen gravel-surfaced and paved roads and airfields with various depths of seasonal frost. Bulk explosives should be tested in the boreholes produced with the 15-lb and 40-lb shaped charges in both unfrozen and frozen soils to compare the cratering results with those of the standard 40-lb cratering charge. The advantages and disadvantages of using bulk explosives for these applications should be determined. FM 5-25 should be updated with these data and any new data as they become available.
